Introduction
In the construction of model stellar atmospheres it is important to take account of the contribution to opacity from large numbers (~ 10 6 ) of spectral lines of atoms and molecules.
For F and G type stars the most important contribution comes from neutral and singly ionized atoms. However, a proper allowance for these lines requires knowledge of their oscillator strengths, although an accuracy of rather better than 0.2 dex is probably sufficient. Such oscillator strengths are also needed for spectral synthesis work. It is scarcely practicable to measure so many, even to this accuracy, and in view of this Kurucz & Peytremann (1975) and Kurucz (1981) undertook to calculate them by a semi-empirical method.
The errors in Kurucz & Peytremann (KP) oscillator strengths have been investigated on many occasions through a comparison with accurate measured values, or through solar analyses (e.g. for Fei: Smith 1976; Piémont 8l Grevesse 1975; Gurtovenko & Kondrashova 1980; Blackwell et al 1979a; and for Tii: Gehlsen et al 1978; Blackwell et al 1982b) . Globally, deviations from accurate oscillator strengths show a large spread, shown in Fig. 1 Kurucz & Peytremann (1975) for Pel, before and after correction. (Blackwell ef al 1979a (Blackwell ef al ,b, 1980a (Blackwell ef al ,b, 1982d . The mean deviation for all these lines is log #/(KP) -log ^/(Oxford) =-0.061 dex (15 per cent) with a standard deviation about the mean of a = 0.225 dex (68 per cent). The deviations tend to be largest for the weakest lines, whilst Gurtovenko & Kostik (1981a) Kurucz & Peytremann (1975) for Fel, before and after correction.
Relation between errors and multiplet number
For the sake of uniformity we have derived the errors in the KP calculated values, log g/(KP) -log ^/(Oxford), denoted if (KP), using the oscillator strengths measured at Oxford. In addition, we have used solar values to investigate the errors in the KP Fe n oscillator strengths. Tables 1-7 give mean errors, with their standard deviations, for individual multiplets using measured values for Fe i (Blackwell eiae/. 1979a (Blackwell eiae/. ,b, 1980a (Blackwell eiae/. ,b, 1982d , Til (Blackwell et al 1982b (Blackwell et al ,c,d, 1983a , Mm (Booth et al 1983) , Tin (Blackwell et al 1982e) , Cri (Blackwell et al 1983b ), Caí (Smith & Raggett 1981 and solar values for Feu (Blackwell et al 1980b) Kurucz & Peytremann (1975) and Kurucz (1981) . Errors and standard deviations are shown diagramatically in Fig. 3 for the elements investigated. In this diagram, each rectangle is identified by a multiplet number and its height is 2 a. The error and dispersion scale is the same for all elements, so that the values of if (KP) and a may be readily compared. It may be seen for example that there is a great improvement in accuracy between Fe i and Fen, and between Fei and Til. The important feature of Tables 1-7 . Errors E'CKP) in oscillator strengths (KP) calculated by Kurucz & Peytremann (1975) and Kurucz (1981) for various elements, arranged by multiplet number. Each box is identified by a multiplet number and its height is 2cr.
the standard deviation within each multiplet. An extreme example of this is multiplet 20 for Caí, for which ^(KP) is -1.77 dex (x 59), but a = 0.030 dex (7 per cent). Equally outstanding are the multiplets of Tin; multiplet 5 for example shows an error of 0.165 dex (x 1.5), but a is only 0.003 dex (0.7 per cent). We suggest that on this basis it is possible to correct the KP mean values for each multiplet through a comparison with experiment to give improved oscillator strengths with a o value equal to the standard deviation within each multiplet. This correction procedure for Fei (for which the proposed method is least good because of the large o values within multiplets) gives the global result shown in Fig errors (e.g. the KP oscillator strengths are biased towards small values for Fei, but to large values for Tii). These asymmetries are removed by the correction procedure. Table 8 summarizes the effect of the procedure on the standard deviation of ^(KP), which is reduced to less than 0.1 dex in all cases. In addition to the regularity described above, there is also some regularity within a multiplet. This is shown for multiplet 20 of Fe 1 (a 5 F-y 5 D°) within which there is a steady progression of £(KP), shown in Table 9 . This progression is responsible for the large standard deviation for this multiplet, and in using the procedure to improve the KP values it would be desirable to take account of such regularities. Finally, although the KP oscillator strengths do show large errors, considerations such as these may be used as additional evidence for the accuracy of the Oxford oscillator strengths. The Tin oscillator strengths provide one example. The standard deviation of^(KP) for five measured lines of multiplet 5 is only 0.003 dex (0.7 per cent) and for three lines of multiplet 146 D. E. Blackwell et al. Table 8 . Improvement in Kurucz & Peytremann (1975) and Kurucz (1981) Blackwell et al (1982a) . Empirical formulae for deriving oscillator strengths of reasonable accuracy from the intensity measurements of Meggers, Corliss & Scribner (1975) have been derived by Cowley (1983) and Cowley & Corliss (1983) based on a calibration using accurate oscillator strengths. The solar oscillator strengths of Gurtovenko & Kostik (1981b form another extensive set of data with a stated accuracy of 0.035 dex and 0.06-0.07 dex respectively. However, some care would be needed to allow for possible non-LTE effects in the solar atmosphere (Simmons & Blackwell 1982) . In our tests of the method we have used a minimum of three measured lines in each multiplet to obtain the standard deviation, but use of two or even one line would still give a useful result. A programme to implement these corrections has been started.
Theoretical discussion
In this section we discuss the origin of the deviations between Kurucz & Peytremann oscillator strengths and accurate measured values by reference to the theory of atomic spectra. These deviations are attributable to the approximations made in the calculations and it is only fair to state that the approximations and resulting deficiencies were well understood by the original authors, who clearly stated the purposes for which their calculations were intended to be useful. Calculation of oscillator strengths requires the calculation of both angular and radial factors. Errors in each of these can affect the results in different ways. Under conditions of pure Russell-Saunders coupling, the angular factors are exactly calculable and lead to the well-known intensity ratios within multiplets, as tabulated, for example, by Allen (1973) . In many-electron atoms the radial factors can only be calculated by approximate methods. The approximations involved are often severe and normally require the assumption of pure configurations. In elements as complex as those of the iron group, the assumption of pure configurations is a poor one, even for low-lying configurations and its validity is likely to deteriorate with increasing excitation. This could be the origin of the error dependent on excitation energy pointed out by Gurtovenko & Kostik (1981a) . However, the errors in Kurucz & Peytremann's radial factors will depend both on configuration and, because of configurations is a poor one, even for low-lying configurations, and its validity is likely to excitation dependence is of little general value.
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In the lighter elements of our sample, such as calcium and titanium, electrostatic interactions between the electrons greatly exceed magnetic spin-orbit interactions and there is a good approximation to Russell-Saunders coupling. Under these conditions, measured intensity ratios within multiplets will correspond closely to the theoretical ratios for the pure coupling case. In the case of calcium this correspondence has already been pointed out by Smith & Raggett (1981) . The much larger multiplet dependent errors in the oscillator strengths of Kurucz & Peytremann are evidence of inadequate account being taken of configuration interaction and insufficiently accurate calculation of radial transition integrals. A striking example of the influence of configuration interaction occurs in the case of neutral calcium. It was shown by Smith & Raggett (1981) that the term designated as 45 5p
3 Phas a large admixture oï3dAp 3 P. The large errors in the oscillator strengths calculated for lines of multiplet 20 (see Fig. 3 ) occur because this admixture is not taken into account. The problems caused by configuration interaction are particularly severe in neutral atoms. In ionized atoms, where the energy differences between configurations are in general larger, the calculations of Kurucz & Peytremann are more successful, as can be seen for Ti n and Fe ii in Fig. 3 . In passing from the lighter to the heavier iron-group elements, the spin-orbit interaction increases rapidly and deviations from pure Russell-Saunders coupling become important. Although Kurucz & Peytremann attempted to account for these by diagonalizing combined matrices of electrostatic and spin orbit interactions, their efforts have not been entirely successful. This is illustrated in Fig. 3 by the larger error boxes occurring for individual multiplets of the heavier elements. 
